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ABSTRACT

This report assesses the environmental effec
originating from U.S. naval nucl ear propul sio
total ilvedg gamma r adi o ahcatrigveidt yt oi nallli qgpuoirdtss dainsdc
al | navapoweurcelde asrhi ps and supporting tender s,
was | ess than202 M 2p ucturtihei si nsmal |l quantity of
perspective, it i s | easlsl yt hoacnc utrhrei nqou arnatdiitoya cotfi
of saline harbor water -pocwepee@ds,blyonar ismen gd Lea mt
of naturally occurring radioaxdrieeThoy®parthe t
confirms that ptbobeetdlavgstosednbyol rel eases o
naval mpwolegard ships and thhaevier nsoup phaardt afna aidlvietr

on human health or the.quahetg pfotbdueasi han
that no memberpwldl itchehaenreaadi ved measurabl e
result of operadt iNurcd eamfr tPreopNidwi on Progr am.

The successful radi ol ogi cal deactivation and
radi ol ogical facilitiesand Mar8e2 lasnlda nod Nahvea |IC hS
1996 demonstrate that the stringent control o
Nucl ear Propul sion Program from its inception
radi ol ogical contaminatiovai dinghexpeusrovaeameadt
l'iabilities at shipyards.
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SUMMARY

The radioactivity in materials discussed in
water reactors ofpoweSednashalpsned@safolie U. S.
Navy 7h0adc |l-pecoawer ed sublmarcil-eeawer ed aircraft carr
3moored training ships in operation. Faci |l it
overhaul, and refueling of these nuclear prop
tender sinxaarmd bases. Thmanagepoé¢nr desciadc biege |
transportation and disposal of solid wastes,
determine the effect of radioactive releases,
by the Navy ltnhrroéufgehe Eaecensces ar3) .l i sTtids orne ppar
concludes that radedawii hi Uy-pawsmaed!| shupbehns
no discernible effect on the quality of the e
i nfor matoiran nsgupphi s conclusion foll ows:

From the start of the Naval Nuacfl etahe PU.oP.ul Na
ce to the minimum practicabl e
, -Iltihvee d ogarmmd ormmagdi oacti vity r ¢
om all -poBer acdwahitphne@ckeamuppor
een |l ess than 0.002 curie; th
ships.

As a measure of the significance-l ofvetihese da
gamnmaadi oactivity riell esasefd svhdrhe BilyleZarmy | cefs st h e
r

than the quantity of natwurally occurring radi
occupied by apewegéed subdmatrme quantity of nat
radioactivibghiaoftbsaichkegmaa ihtalofn, i f one pers
to drink the entire amount of radioactivity d
5lyears, that person would not exceed the annu
Nucl ear Regul atory Commuelbkwoarnk efror an i ndividu
Environment al monitoring is conducted by the
frequented mwclp&wenad dthhispsmoni toring consi st
harbor sedi ment, water, and marine |ife sampl
nucl ear propul sion plants; radiation monitor.i
and ef folnudgmtr img. Environmental samples from
checked at | east annually by a Department of

procesduarree correct and standardi zed.

|l ndependent environmental monitoring has bee
Protection Agency in U.S. harbors during the
these extensive, detailed surveys have been c
surveys ahamve oaad i r med t hagowerSed nalviaps naircd esaup
facilities have had naidiaxcadarvnitlyl e fe ft fheec te novn r



This report and other reports produced by the Naval Nuclear Propulsion Program
are available online at:

https://www.energy.gov/nnsa/articles/naval-reactors-annual-reports



RADI OACTI VE LI QUI D PROCESSI NG AND CONT
Policy and Procedures Minimizing Release of R

The policy of the U.S. Navy is to reduce to

radioactivity released to the environment, pa
policy is consistent with applicable recommen
Counci l (incorporated into the Environment al
Regul atory Commission, National Council on Ra
Il nternational Commi ssion on Radiological Prot
Agena&inyd National Ac add\Neantyi oonfa|lS cR eesnecaersc h 7Counci |
t hr olugg.h Keeping releases small mi ni mi zes the
the environment or to concentrate in marine |
releases, the Navynbasucssoad deadandand radioa

and procedures to be upedebgdUsBi ppaaald thhbele
facilities.

Source of Radioactivity

I n the shipboard reactors, pressurized water
picks up the heat of nuclear reaction. The r
closed piping system to heat exchangers, whic
secogydateam system isolated from the primary
used as th source of power for the propulsio
When reactor cool ant water expands as a resul
t emper dteuaseuy |l tti ncgo oel xacnets spasses through an i on
purification before being transferred to hold

The princepfalr adiuocaxet i vi tayrter aclei amodneésf lofien
acti waotredsi on and weaat rr opdluacntts metoarl rseuar f ac e
reactor cooling waterlivedsdafonamggdr aeismant @ lhy har
in these corrosion and wear7,prchdéwani ¢ aif 8k luund e
i -5 5,0 nn6i 3,k enli-905b i zuimr O&ni tA@H82Aa] umangdénese

i r-6a,
zi ®¥&6gnti AM2meyo b-&Bt and6 Tohbealmost predominant of
cob-60wi ah hlailffe of 5. 36@ealrso h&® bahé most rest
concentration |l imitainmzwewatems(adhalti seedrilayli o
referéac&fsor these corrosion and wear-60aids onuc
the primary radionawdli dreuolfearntprreepul Sioan npl ar
RadioactivifyoLRegwoivdalat Shore Facilities
Radioactive | icqUuiidd east asteorceolflaect ed in stai!
pumped through a processing system to remove
tritium) prior to collectiombBvem af tcdreamr d @aeksi
approxi manieclryocluor i es of gamma radioactivity pe
di scharged to suRirgpowmelilngshwawsra .si mpl i fied bl



|l iquid processing system, which consists of p
filtered, hmwdrogen hydroxyl resin, and colloid
processing system has been developeduahdtysed
water containing very |l owqualdioboapcpi voceyseéevwad:
eithemedet a rmauwdreead shi ps or evaporated.
Liquid Releases in Harbors

The tot al amoved glammangadi oactivity rel ease
within 12 miles of shore has been |I®2¥eatrlsan O
This total is for rel e;psvessr €d osthiUp sS.a mda vfarl o m ut
shipyards, tenders, and submarine bases, and
U.S. and overseas and all other Wy Snawaald fore
nuclpower ed ships.

To put this small quantity of radioactivity
amount of natwurally occurring radioactivity <c
water occupied bpowvaersa dagdiwbanructlheearquantity of
occurring radioactivity-acnur e hleott.op inch of so

Shottved Radi onucl i des

Reactor cool ant -Bl sedcopadthnonslcibkvhedse 0 fwi stehc ohnadl

hour s. Their hi ghhesetaccoorrc ecrotorl aatnit 6 nagr #i § @ wam ch i
hal ffe),-18i ({dA0geAnuUdtee NEIl {hlou& Addlef)-41lar gon
(1h8B8ur -l hdlefd man gsabn e(s2e. 6 -lhiofue) .halFor the | onges
these, about a day after discharge from an op
reducedt housmaeadth of the initiawdayncteme rati o
concentration tmd |l eGamsha q uteneosineel s verdt radi onucl
are not i mportant for I|liquid release consider
Fission Product Radionucl i des

Fission products produced from fuel in the r
gases krypton and xenon,elagmenmtes . ai nteawevy @ rh,i nt r
guantities of naturally occurring uranium i mp
release small amounts of fission products to
fission products and the vohumesoofowgegeaboweve
the total radi oacdiiwiedy fatstsi iomutpeddtuct!| omgi on
only a small fradtiverd a@fa mmuae rtadti alacltanwgty r el
el sewhere in this report.



Tritium

Tritium is a radioactive isotope of hydrogen
ctor cool ant systems when nevwttdomacitnmtver ac
t ope ofwhiyah oigse nna taunrda | cloymagpiroaesdeesrtOt. 0 15 per ce
r ogen saetaowast eirn. Al t hough -tirfie i afm HdDeypedray.e
iation it produces is of such | owlaeanergy a
t, the safety guidelines issued by the I nt
tection, the National Council on Radiati on
| ear Regul atory Commi-ssestitoinng aangle mdihees psdrami
seonfcel00 times as m6BOh tThei ami asumopalbduce
|l ear reactors i1is in the oxide f ounn,i kcehemi c
met her radtonhbelbindbes, concentrates significar
ttse on sedi ment .

OO0 C -TC ToOoO OO
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Tritium occurs natwurally in the environment,
t mosphere. Accdr/fdscmgct nadedecesamahbdutond cur i
f tritium per year. This means that there |
ritium at any given time, about 45 milll.i on <c
n comparison, the amount of tritium released
ucl-pecawer ed ships and their supporting tender s
een tlheasns 20®darmcdirvyersalulal of that was released i1
2 mitem shore This amount is | ess than the
nvironment by a sBscngdr gpowenrerstitdi oaoru(fnt dfeer e

t it

[ S

1
S
u

mount of ium in water rel eased within 12
owered sh and their support facilities 1is
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Because the jaummumdc wrfritmg tnaturally in the e

amount produced by U. S. naval reactors is too

he environment. Therefore, tritium has no
h

adionuclides in this report.

-

Ca boelnd

Carblodh i s also formed in small quantities in
on interactions withlaideaoagys -lvairftdh aaf ylgaelnf
yearenerQryl bpelt@awr adi ati on isesmititetdhdu
ctivity concenld4aitnontguchkhdemi tak tarmon
onal Commi ssion on Radiological Prot
and Measurement sCommiesndJi. 8ndNothear
g organimasilbobinghar e6@8&®&ntfor cobal't

wWIOg—- ;>
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Car blodh occurs naturally in the environment.
interactions with nitrogen and oxygen in the
carbon dCaxhblade .i s chemically indistinguishable
car bon. The carbon dioxide diffuses and conv



ent erBamstclar bon cycl €.t Rted & rHam&tdat aeal-14£ ar bon
inventory is estimated to be about 250 millio
resides in the oceans. -14T hreelteoasaed d aamonuuna | loyf fcr
operation of al lpoWweS.ednawalpsnuwumnldearheir suppor
and shipyards has been | easrs Itehsasn t1lh0OaOn ctuhrei ensa,t u
car bBlodan production rate of 40,2000.0 cSuirn cee tphea iyre
of naturally -bd4cusrsaglangébpnit is extremely
naval nucl ear reactors could bmagkIlgtr oiumda meas
concentrati-bea. of carbon

Liquid Releases at Sea

Radi oacti ve quuids incidental to the operat
released at sea unde strict control s. These
recommendati ohsonhh&nCounoment al Quality made
in ref2lremcee consi stent with the Marine Protec
Act, re2f2er emrcecedures and | imits for ocean r el
recommendati ons made by t he OJONMattiioonnaall AReasdesanryc h
Counci l i A larnedf ebrye ntchee | nt ernati onal Atlo2ni ¢ Ene
Navy releases have contained much | ess radioa
these reports. Si Ade edd §a,mmtah ¢ atda toaalctlioondg y r
12 miles from shorepbwetUe&. s hiaptail mg dtcesregagros h ¢
been | ess than or equal to 0.4 curie per year
year in the open sea at |l ong distances from |
di sper sal conditiodsidud.td4o cwany e haectnlacdm.s atl h y
occurring radaoaclwavetydead yards on a side, o
naturally occurring radioacti-tvolteg gmwml ft h@eourope

U

Loss of SS THRESHER and USS SCORPI ON

Two U.S. napwawermeack |l wmbbmari nes have been | ost
Ocean. The submarine THRESHER sank on 10 Apr
Maine in water 8e 59Wbrmareitna e2@ORPMEO/N 1s9%6n8& on :
40mMmi |l es sout hwest of nt hleO L A0zOoO efse etn onfo rwea ttehra.
in all U.S. naval submarines and surface ship

hazards to the environment even undecl|l ulkde nmgos
t he actual sinking aocft otrh ec osrhei pi.s drFeisrisgtn,e d hseo rt
i mpossible for it to explode |ike a bomb. Se
materials that are extremely corrosion resist
could remain submefgedcentseawat&i thout relea
while the radioactivity decays, since the pro
corrodes only a few millionths of an inch per
accident where tédteelreaculmern ged oimplseawater, t
remai ni ndefchandcltyhe radioactive material cont
Sshould not bertbéeeamad,mimer ate of release anc



radi oacti viteyvem itfhet hoec eparnot ecti ve cl adding on

woul d be so |l ow as to be insignificant.
Radioactive material could be released from
el ements were actually to melt -weended mnr eaddiotri
system boundary were &@ omanypytpupret ectlTihee reacitoe
set égulfagdtngres are designed to prevent any me
FIl ooding of a reactor with seawdtuer fedremeshess
and so provides added pr dt ectdiicom cag avien §ti stshheon
Radi ation measurements, water samples, botto
collected from the area where THRESHERtBwnk w
after the sinking and again in 1965 by wvariou
bottom sedi ment sampl e& thakdn weeaer a®@O0ORRIedNf o
Il n 1971983, 19 &60,l-lggempl9&dxB,0f water, bsetlement,
were collected from nedm t1®g 9THRB &HEIRIgdvelb r1i99.8
samples of water, sediment, and marine |ife w
debri s. None of these samples showed any evi
reactor fureleietlfenenTHRESHER or SCORPI ON.

Cob#®I0t rel eased from both THRESHER and SCORPI

detectable at | ow |l evels in the bedbsmemmed amp
samples of water or mari66 kobheentThéi max mmam
sedi ment at either site during the 1998 surve
samples were much | ess than thi st entnhc etnhter at i o
coeatration of naturally occuForngerspgeoticvey
per dsormdi et cont6di mdd tdhebanatxi mum concentration
sedi ment, that person would receive | ess than
receivedurfalombaakground radioactivity.

SCORPI ON carried two torpedoes with nucl ear

Whil e the monitoring campaign was for the exp
from the nuclear reactornesédimestampwasecpol ae
SCORPI ON site in 1986 and 1998 were also anal
radioactivity concentrations and the relative
typical of background cfornocne nnturcaltei aorn swedaupeo ntso tfe
there is no evidence of | eakage of omlbwtaomrdi um
t hseu b mar i nseh saahnekn.

Summary information on the radiological suryv
SCORPI ON sites wagemzi2l nshéd83inthef &davy i ssue
unclassified reports of the radiological envi

SCORPI ON site24andf erfemecedavy al so released a
the environmentnagl croodiuct ed2bn T@8conel easeonaos
report confirm the results of previous enviro



demonstr ag eTHRMEBSHEBER and SCORPI ON have had no o
the radioactivity in the environment.

SOLI D RADI OACTI VE WASTE DI SPOSAL

During maintenance and oweawvalulr aodgieadadti iome ,w

(consisting of conbagsnapegdgeragsi| | pkbarsdi con e
scrap material s)U.aS.e mcaod dpteasve e @ df sdomps and t he
facilitiebevédhesadl owcti ve materials are requ
prevent | oss. ncThiadse naomtlr alccoiunt abil ity proc
serialized tagging and marking and signatures
Table 1 summarizes the total radioactivity a
di sposed of duringblbellastl bdgsaabkl waste ge
nucl-poawer ed sshuibprsar i men dt erhdeerlsi,st ed support fac
radioactive solid waasuwewmlcd-pemweneddsbyp¥d. Ss tra
the | isted dwmantliittyy ecsf. s oflhied radioactive waste
particular facility depends on the amount and
Table 1 does not include spent fuel or other
to Depart megiyDO&EfrckEne ti es.

Figure 2 shows that the t-béaél anadiadbavbDi uenew

substantially reduced in the 1970powdesgite i
ships. This reduction was accoomplisheger somueél
radiation exposure, &8 delshdrsi lreedd uicnt iroenf ewaesn caec
several techniqgues, includingdaotogakcatowbakn
mi ni mi zes the spreadr aodfi oraacdtiiovaec tmavtietryi atlos ;n ouns e
and mockups to minimize rework; reusing rathe
use of radioactive |liquid ipZzeocekaspsli eitgi @m ocfe dpm
media; use of efficient packaging to fully wus
|l icensed commerci al radi oactive waste inciner
recycling services; and sepasatcngl sdisgowast
radi oactive content fTrheem Itanate rwh iscsha ¢deo exsw erdortio y
and by use of sensitive equipment to detect r
concentration than that suebhndsi somatumralckmat aev
bi ol ogi cal mat tl®r, (tsheues rreefgaurienoceg t he mat eri al
radi oactive for wast eridals ptohsaatl ppausrspeoss etsh.e sMarte
by this sensitive detection equi pment can be
Chall enging goals are set by each shipyard to
to minimizingoft hwa gteen eir rvtorirakxeshi ol ogi c al

The annual volume of solid low-level radioactive waste disposed of at commercial
disposal sites in 2021 by U.S. naval nuclear-powered ships, submarine tenders, and
their support facilities, as shown in Table 1, could be contained in a cube measuring
about 7 yards on a side. The total annual volume is typically less than 1 percent of the



volume of solid low-level radioactive waste buried at these sites in the States of
Washington, South Carolina, Utah, and Texas each year, combined (reference 28).

Solid radioactive waste materials are packag
as necessdriypy,peadnda o burial sites |icensed by t
Commi ssbwn Sdrate under agreement with the Nucl
Solid radioactive matpeorwearlesd fsrhoinp snadhvaavwes srecdt| edae
at sea siwhceen 1th70 ,Navy issued procedures prohi
radi oactive material s. Shipyards and other s
di spose of radie®abyibersal i dnwakéier own sites

The dLewel Radi oactiove MNmemneménts Act of 1985
the States are responsi bl-8t atte ttempaantds vifdoaral
for the di-bpuehlratlibawti ve wabBbOBE efdreomlpri vat
Government generat ar wastlénacemptaltits magw,pr ohi bi
waste from outside the compact.

The Northwest Compact site in Richland, Wash

Nort hwest and Rocky Mountain Compacts, which
and Haw@duly 20A0t8,anthhec Compact site in Barnwel
restrictedudfcecmpact ogeMediastpparssal site in Clive
|l icensed by the State of Utah and is accessib
only | i aecepd waste with | ow cohoce2®li@ti ons o
Texas CompacBAndgrews, Texas b.egahhiags csnmtiset reggc avey
generated within the Texas Compacdft ampaetl | as
gener aBeoaoaxswset he availability of the tdhesposal

restricted access to thehAsbantdveCempgygci mgias
Program operations.

The end of the Cold War and the resulting downsizing of the Fleet and closure of
Mare Island and Charleston Naval Shipyards in the early 1990s resulted in the disposal of
equipment no longer needed and of waste associated with base closure. The volume of
low-level radioactive waste shipped from Mare Island and Charleston Naval Shipyards
accounted for 66 percent of the total volume shipped during 1995. In 2007, the Navy
YRR-14 barge that was used to support maintenance of submarines prior to 2002 was
transported from Norfolk Naval Shipyard to a commercial vendor where it was dismantled
and disposed of as low-level radioactive waste. This one-time dismantlement project
generated 85,000 cubic feet of low-level radioactive waste, which accounted for more
than 80 percent of the total radioactive waste disposed of at commercial disposal sites
by the Naval Nuclear Propulsion Program in 2007. In 2021, the Surface Ship Support
Barge (SSSB) that was used to support dock-side refueling of nuclear-powered surface
ships prior to 2015 was transported from Newport News Shipbuilding to a commercial
vendor for dismantlement. This project produced 2,500 cubic feet of waste in 2021 and
is ongoing.

10
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Tabl eDilsposed Radioactive Soli d -BMawdree d,r % jgimaS.i nNea vieln deu |
and Their Suppd0 tt7hFao@igthiltt i es f or
2017 20138 2019 2020 2021
FACILITY THOUSAN THOUSAN THOUSAN THOUSAN THOUSAN
CUBI C CUBI C CUBI C CUBI C CUBI C
FEeT | CURIE FEET | CURI FEeT | CURIE FEeT | CURIE FEET | CURIE
Kittery, Mai ne
Portsmouth Nava 0.3 32 0.3 39 0.1 2 0.3 27 0.1 1
Groton, New Long
Connecticut
El ectric Boat l 1.1 7 0.9 52 0.4 31 0.1 1 0.1 16
Naval Submari ng¢
Newport News, Vi
Huntington | ng;i 0.1 <1 0.5 <1 3.7 26 0.5 6 2.8® 13
Newport News Si
Norfol k, Virgini
Naval Shipyar d 0.9 23 1.7 17 4.5 29 31 50 0.8 22
San Diego, Califf ., 37 05 16 0.9 21 0.03 <1 1.0 36
Navy Bases
Puget SoWagsihi ngt
Naval SKipypaedi ., 11 12 45 1.7 20 15 12 4.7 69
Mai nt enance Fad
Bases
Pear | Har bor, He
Naval Shipyard 3.0 5 0.9 35 1.4 34 0.2 <1 0.8 24
Mai ntenance Faf(
TOTAL 6.2 115 5.9 203 12.7 163 5.7 95 10.2 182
NOTES:
Q) This table includes all radi ogotwiewee dwasshti e sf.r o nl hti esn d earésO oaarcdT ihnvusd lyeaadrs o p Ic
waste is shipped to burial facilities | i cheyms®tdatbgy. the U. S. Nucl ear Reg
(2 Totate calculated from unrounded results
B This volume includéswadastethehgadmingmdmrttt ement and di sposal of the Surface
The SSSB was transferred from Newport N2WJH oShpidpsbauli.l di ng t o a commer ci @
4 Curie totals for 20d7ypRatl®d hbmderdRDGl wfdormaadstoeact i vifry mgsamtei ciask s
containing ionTaeclwasgeandswmese classifications remain unchanged.
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Deactivation of Ingalls Shipbuilding Radiolog

From 1958 to 1980, Ingalls Shipbuil i ng was
over haul®.aofal mpwwleegaerd ships in Pascagoul a i
radi ol ogical facilities that supported this
by moei ng and disposing all radioactive ate
propul si oRe upslaebiiéesss, such as tools and equip
contaminated, were transferred to other org
Promra The remaining waadido a@toisvea mdt ersi aslo! i

Extensive radiological decommi ssioning surve
removal of this radioactive material. Direct
274, 000 stquaafr ebudieledi ng and facility surfaces.

surfaces (as well as soil, ground cover, and

radi oactive work was previously perfor med. T
sensitive liapnoernatt.or yl ,reqauddi ti on, both the Stat
Environment al P(teaPpegti ommAddeacgrcheck surveys
deactivated facilities. After these surveys

released for unmrescrnmelctwho usikebsed®eentl y occup)
not receive measurable radiation exposure abo
areas not affected by naval nuck®&asr tphreo pruelpsoirat
the survey of the Ingalls facilities by the E

Cl osure of Charleston and Mare | sl and Naval S
d i n th

o 1995.
fpsl in

Mare | sl and Naval Shipyard was e
e lUi. ihga voafl fpwovlea @&rd s hi

yard was engaged i
t oThe99d993 round

u
p n
2 of and
ected closure of the

e d

C I

A

e
I pyards. The rad
vated in tahemanner
es at Ingalls Shiphb

|l sl and have been
tivatiobmgofcadadac.i
pri.l 1996.

As at Ingalls, extensive radiological decomn
verify the removal of radioactive mateyd al
were performed on over 5 million square feet
40,000 samples of soil, ground cover, and con
| aboratory equi-pnewds dd&toectodad, tot heri bhan tr:
few | ocalized areas. Si mple, proven cl eanup
areas. Both the radiological deactivation wo
shipyard worker s. The total amount of Progra
sthpiyard was about ctomd asmma agpitbbat househol d s
(2 mMoc3ocuries).
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The MNawryadi ol ogi cal verification surveys wer
the EPA and the StaBesureeyewadatheoNadwgtedy 9.
and agreed wasi trhestuhlet sNavyPer sonnel who occupy t
receive measurable radiation exposure above n

The successful radi ol ogi c tahledgalclts vraa diomnl aaqid
f alciities in 1982 and of Charleston and Mare | s
stringent control over radioactivity exercise
from its inception has been successful in pre
envoenment and in avoiding expensive radiologi «

Mi xed Radioactive and Hazardous Waste

Waste that is both radioactive and chemicall
At omic Energy Act and the ResyoUuAccte (ROOhWRsAe)r vaast i
fmi x ed wWisttrei.n t he Naval Nucl ear Propulsion Pr
taken to avoid commingling radioactive and ch
mi ni mize the potenti al f ®hre sgee neefriiadteitoanv bonfd | mmi gx et
use of acetonédaseldvemntintsl,edcead shielding in
chemical paint removers. As a result of Prog

hazardous substances in radi @licaildal eqeatrek ,atRer
yedrrss than 20 cubic meter sofdfsrmeiaXx enk nwa & tod | toh
compl etoinept®ftessi ng. 282 b faOwhud i cn dnedfer s of
Program mi a&edt oyrpesch ds migp meDhnQE taond commer ci al mi
waste trfeaactinhe@nti es

Di sposal of Decommi ssioned, Defueled Naval Re

During theUl1l980msaviplveever ed submarines cons

tri
1950s and 1960s began to rearrhlashz, etnlde oNa uyh,
a

e
DOE as a cooperating agency, published a Draf:
on the disposal of decommi ssioned, defueled n
EI'S was widely distributed tiaaitn dinwsi,dSalas,e eam
of ficials, and other Federal agencies. Al l s
addressed in the Final EI'S, wh3 ch Altshosghetdh:
Navy had evaluated the option of disposing of
preferred option identified in the Final EI S
at a Federal disposaloivacel it gdabaendyeuwast &
December 1984, the Secretary of the Navy i ssu
|l and disposal . I n 1996, the3@lwkhychssuvabuat €d
di sposal of defueled reactor plants from crui
Navy and the DOE issued a Record of Decision
plnga s by |l and disposal in the same manner.

A nucpoevwaerred ship is constructed with the nu
section of the ship, called the reactor compa
di sposed of, the namrd elfaandlued i trleenoya@&me mann

14



removed during r-pbwelredgsbfpeaucl|l €he defuel ed 1
are removed from de cpoomwre rsesd osnheidp snuicn edarrydoc ks
Sound Naval Shipyard nn BAfmertoemoWabhf ngmoa
compartment is sealed and | oaded onto a barge
t he Columbia River near the Department of Ene
the reactor compar tamdmtn di st rtarnasmpsofretrerrg d wtha ch ¢
compartment to the disposal trench on the Han
process is contained i3 t hehedifniarl stEIl be f(u elf ed er
compartment was shippeéedbdaovaHaNiUolrdarnPLB6BE] si
shppdwdef uel ed reactso@0@dmp arotmaintnumbh8r shipp

Il n 2012, the HBmwiymeanstsaule dA sasne s s m3eln,t whriecfher enc
evaluated the disposal of defueled reactor pl
USENTERPRI SE (CVN 65) easctearghdommar tvmarmutal pack
2019t hei Nawgd a Notice amf EhSiethbhadiodver egp alsreo a ¢
range of alternatidveeebetioredcspospl aotstheom E

TRANSPORTATI ON OF RADI OACTI VE MATERI Al

Shi pmeht sadi oactive materials in the Naval \
be made in accordance with applicable regul at
Transportation (DOT), the Department of Energ
Commi ssion (NRCpf Thespurpgséations is to ens
radioactive material are adequately controlle
and safety of the general publ i c. These regu
shi pments andr epmmeonvtisd ef oreqcuont ai ner design, cer
pertaining to the specific quantity, type, an:

Il n addition to the above, requirements for ¢
incorporatedshhnekdrngyaspecifications. These
container design analysis, training and qual.
containers, and quality control i nspections d
wi || meet dess.gn requirement

Il n addition to Iimposing requirements of Fede
Nucl ear Propul sion Program has issued standar
shi pments of radioactivity. These standard i
program that includes inspections and assessm
seni or management . Organi zations making ship
procedures that direct the use of compliance
ensure cowptlh asngel i cabl e DOT, Navy, and di spos
specially trained, designated people, knowl ed
permitted to authorize shipments of radioact.i

Protective transportaturmoe secuwrhicteys,s esmuwihc easo
shipping vehicles, are required for -tadioact:i

15



point control and traceability of each shi pme
accessible |l og of all sehd pthee ngmrsalline tpracmptt i cse
and provide the basis for advice on the natur
return receipts in writing to ensure that rad
shi pment. l nspection odtemindlai ared saocdom@man yial
documents is required promptly after receipt.
di screpancies from detailed shipping regul at:i
be made in future shipments. wiThhsshisppiong to
regul ations.

Radioactive materials shipped in the Naval \
mall sealed sources used for calibrating rad

S
equi pment wused f or -lreavdeil o arcatdiigoea cwt ai dvkep awcabsitv e
componantsgcontaminati onaodonkbwngntiospkatutndaya
Each year, Progr bhmsadt DDt isehs pmaeknd s, whi ch ar
t hemi3dl Il i on shipments of radioactnveematBentabks
(refe32nce

Il n the Naval Nucl ear Propul sion Program, mos
| o-lwe v el radioactivity andubdanéeiohasasfiew spdel
surface contaminated objects, or excepted pac
radionuclide associated with6@tmosnh bhethesm sh
insoluble metallic oxide c ocrerso soifonmaptreordiuacltss ian
shipping containers.

Most of these radioactive material shipments
used only when necessary and are not made on
accordance with DOT regul ations.

Abduwbhiofdst hleevMeolw shi pment s aartiegqantpaminnat
clothhndgrouti @Qre avnwaesrntaege, one-l siepmentdi ohct owe
made every month from each Naval TNwecl ear Prop
anti coattigamon hsd mec ii & outtlreat cd pdmenyygi al | vy
contaminated with | ow |l evels of radioactivity
cl otihemgasi omiappegd to NRC oHd i aegmesemde cto n$tratcd or
cl eaandge.s ADb ofuit ® tomtehlee Meolw shi pments are envir
chemistry samples en routestsoartaeaan tyh i @falt h a bloc

l evel radioactivity shipments are minute quan
sour clThe.se sources contain insignificant quant
the radioactivity in typical househol d smoke

The remaining few shipments are new and spen
components associatedhwiptpledr dygctD®OEs, &wuwd harsdai
infrequent becapswenaeadabkbhnpsl earrently requir
during their service |ife. Measures are cartr
and ensure they reachinbhedentdest Enabhi epewitha

16



shi pment is escorted by U.S. Government repre
is specifically designed to survive extreme a
water i mmersion, and t oerpiraelvetnat trheed eeansvei rod n nehr
in the nuclear fuel and radi ex@tlioswa veommanent
nonfl ammable; in addition, the radioactive ma
therefore would not | i kealkeyebandiaspedead . even

Since 1957, all spent fuel removed fr&m nava
|l daho National Laboratory (I NL) for examinat.
reprocessed by the DOE after exaemprnoacteasosni.ng | n
operations. Sxamenaheon pasal spent fuel has
at | NL pending the availability of a per manen
site. Continued shipment of nawmdltempaot afwvel
storage was fully evaluated in a comprehensiyv
published99®m Apeaijé.r en(cTehe Navy @@aapdrcdtpiatgegd as
agency) Under the Record oforDeciedi afgaermetnh
amendeaetween the Navy, DOE, and the State of |
continue to bd oghiexmend ntad i loML, and itthewiel | be
unt il it can be shipped to a permanent geol og
interim storage site outside I daho for storag

Esti mates of annual radiation exgeomrseurrael to tr
public from shipments of radioactive materi al
have been made in a manner consistent with th
refer3edgnceBased on comparisons of the types anc
shi pments made, the total annual radiation ex
shipments is appfi mait3mdteenby bel f one person were
expare, that person would not exceed the annu
individual worker by the NRC. The total esti
the public along transportation routes is 10
i ndi vmedmbaelr of the public would be far |l ess th
radi ati on.

For naval spent fuel shipments, more detaile

t he DOE spent fuel managemeB83 Bh8 cntettheabeypa
of the Navy spent EISpedblciomited niem MNowdmbrer 19 9¢
3% . The analyses described in90BbBestaEh8s dem
shipments of spent fue20Z2nbhtdbetthobabhcohkeeendyv

d o s ea biosurt e n3.

Shi pmentasiofacti ve materials associated with

have not resulted in any measurable release o
have never been any significant accidents inv
during shsipmeea t he Naval Nucl ear Propul sion Pl

The Naval Nucl ear Propul sion Program require
materi al shipments have accident plans i1 denti

17



transportatiolnvedhiinclaen iascdindveont . These pl ans

ci vil aut horities and the or rthgoiunra ttien ge pfhaocniel intu
for emergency guidance and assistance. The U
cooperateStfatéyr avditdl ogi cal officials in the

involving shipments of radioactive material s.
NAVENVI RONMENTAL MORMRO®RAM G

To provide additional assurance that procedu
radioactivatey apepadéegut the environment, the
monitoring in harbor spofweergeude nstheidp sb.y iBEnsv inruocnl neear
surveys for radioactivity are periodically pe
ucl-poawer edarsenilpsi 't or over haplse thaavmdorwimer e t
mperating bases. Samples from each harbor mo
nnubVyl g DOE | aboratory to ensure analytical |
tandardi zed. Theli DQE Ihalver dteemy cfoinsi stent w
hi pyards.

n nu 9 O S

The Navy environment al monitoring program co
arbor sedi ment, water, and marine | ife, supp
osimeters, and efflukatbomonsédr magt aSdmpai a
S emphasi zteldewwelcdube the most | ikely affecte;
adioactivity.

- —a=

As di scussed-6efarilsi etrh,e cporbeadlotmi nant radi onucl
nterest resulting fromenavabtnsaucl| Elher efeace o |
rocedures require collecting in each harbor

nce each quarter for6@nanhdgsotsheeno tgiaimmegxz t coba
adi onucl i des. Locationmphes homberpaofi selda
epend on the size of the harbor and the numb
ucl-pecawer ed ships berth. Sampling points are
hip berthing@ploomndtsi oms aatethes aWwheg $sawmml i ng | o
el ected are based on the individual <characte

nw n > ~" 0T —

Sedi ment samples are collected using a dredg
6square inches and has been modifiedaboutcol | e
n inch). The top | ayer was selected because
ccessible to marine |ife than deeper | ayers.
nd put directly into a Marinell:| container f
nalyzed for gamma radioactivity in the cont a
state germanium detector with a multichannel

specifically for -6t0h.e pReessuelntcse ooff tchoethaslretdo me nt

monitored by the Navyesisni arhse ak.eS.s vanmdda riitzse dpo oisr

DYDYV W

Tabl e 2 sih@®d@W2Zll tl h ddaerdbi onre ntsdd admmlod e theaotea b | e
|l evetoebabt As reported in tHdl pastd3t hhaow | eve
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picocuriesipee ha®v8h)been detected around a few
shipyard pierpowkeerced shclpeamai nt enance and ove
in the early 1960s. These | ow | evels tayr e wel
|l evel s in,thAerdhaebolrs from operations conduct
As di scussed previoaghey,t d-treohme dld®Ogglmma r adi oac't
rel eased each yemGhavid hfi mor 2a Imli |-p¢ossBr. e ch asvhail p .1 u ¢
and their support facilities has been | ess th
too small to be detectable in the harbors. A
l evel s is tha® fbodl (3@f weepetesonontain 3 pic
cob&Dtper gram, that person would receive | es
natur al background rla@irThei 8npi(seeureé@dpacegr
concentration |l so is |l ess than the concentra
Energy Agencl37J(fefedenheemining whether dredge

enivrei uomirser t he Cdmkkeeaveoni on of

Mar i ne Fooyl |Duutm

a
(
regaracdedrardi oa dt
poibrng of Wastes and Ot her ), Matter
s

ref er3e8nCcoeb &I10t i not detectable in genmral hart
these piers.

Low | evel sl1307/A weersei udretected in Sbme sedi ment
cesilu3ny detected is not related to naval nucl e
high integrity naval fTuhede treecdmadisnyf i ssi on pro
concentonmase consi stent with background | evel s
environment due to atmospheric fallout.

Il n addition to Navy analysis of environment a
samples from each harbor monit drOHdalhawvat dbrey,n
a check of NawOH &Badadatsory Thiesvi des a further

environmental sample analyses by participatin
sponsorEemdvibyonment al Resource Associates

The check sammlleggzewlerfeor gamma radionucl i des
Navy procedures but with greater sensitivity.
t wo such sampl es. Both spectra show the pres
radi onuwuchliicdhe sc otnot rmebaustuer ed r adi oa6Q iwdrtey reoten
present. The upper spectru#0i asobeans amcpleed
achieve a concentration of approxi mately 3 pi
recogni zabl e ener gys emecaek sofduehitso stmad |Igr@eoncent
The | ower spectrum is typica,l aonfd ndoosets onfo tt hceor
detectab6ft@. cobalt

At | east five water samples @guartakemni _Areac
wher e npmuacweras hi ps berth, as well as from upst |
|l ocati ons. These sameresence emabygmmd f or
radi onuclides,60.nclAdsadlgi debmani um det ector wi
analyzer i1 s used to measure gamma rad#60activi
Procedures for anal6ysiist witlsl cdoentceecnEtPr&aa b aolnt e x ¢
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drinking eetfeerrlepnicreiNtos6d00 bthaalst been detected i n ¢
samples taken from any of the harbors monitor

AnEPAvaluation 3i%hows etrleatc6e@ hfer ¢rma brad ¢ a | nucl e
propul sion plants is in the forwhoé¢éhmdoahotitic
appear to be concent Nevedtheselwpl €ésod§etmar nne
asnol l usks, crustacedhayeabhdemacohkeptadtstrom
mo n i red. Marine | ife samples are also anal

hannellheamaelsyuzhears.i o & t hatnea | §gasnmheaer i zed i n
Btwhat no buib@upassesbdbcrabremavali tipwdledard
as been detected in these samples of m

onitored harbors, shoreline areas un
radcgieantsiidn vieewelisnt iddiang on detect
y from bottom sedi ment washed ash
adiation |l evels in these regions,
i's nmortvs dtemate timedsddeadsreas are bei
operation-pofwemed!| sd&in ps.

QoKX

Ambient radiation | evels are continuously me
thermol uminescent dosi meters posted at | ocati
where radibklbgipatf womed. These dosi meters a
remot e m support facilities to measure bac
radi oac i The results of dosi meters pos:
radi ol o a ya ncdo ntthreo Igleende raarle apsubl i ¢ and dosin

o] ations up to several miles away
t ings is also given: natur al b a
it marcoycelmter ati on of rad§ onucl i
t hat Naval Nucl ear Propul sion P
background radiation |l evels at the

to | oca
Tabl e 4
effeaoabr m

m U) - = _—— =

N a v rutlear reactors and their support facilities are designed to ensure that there
are no significant discharges of radioactivity in airborne exhausts. Radiological controls
are exercised in support facilities to preclude exposure of working personnel to airborne
radioactivity exceeding one-tenth of the limits specified in reference 7. These controls,
discussed in reference 27, include containment for radioactive materials to provide a
barrier to prevent significant radioactivity from becoming airborne. Further, air with the
potential to contain radioactivity exhausted from these facilities is passed through
high-efficiency particulate air (HEPA) filters and monitored during discharge.
Comparison of sensitive airborne radioactivity measurements in shipyards
demonstrated that air exhausted from these facilities actually contained a smaller
amount of particulate radioactivity than it did when it was drawn from the environment.
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Talbe S2uummary@l&fur veys f600r iOo bBadttt om Sedi ment
U.S. Harbors Where-Podw8redNaval pNudtllaear Beer

Regul arly Based, Overhauled, or Bu
Range of604
Numbe Range MD®Val ues
Numb| Sampl Detect Sampl es w
Facility of with| Cob®lot P
Detectahb
Sampll Det ect Result Coba®lot
n)e
Cob#®Il0f (pCm®g (pCi/gm
Kittery, Maine 3) ;
Portsmouth Naval 110 0 N D <0.027 <0.06
Groton, New Londo
El ectrDicvBamdn 29 6 0 ND <0.017 <0.09
Naval Submarine
Newport News, Vir
Huntington I ngal 132 0 ND <0.027 <0.03
Newport News Shi
Norfol k, Virgini N
Naval Shipyard a 204 0 ND <0.027 <0.05
Charl eston, South
Naval Nucl ear Po 48 0 ND <0.01
Kings Bay, Georgi 100 0 N D <0.017 <0.04
San Diego, Califol 45 0 N D <0.017 <0.05
Navy Bases
Puget Sound, Wash
Naval Shipyard & 312 0 N D <0.017 <0.05
Mai nt enance BRs®is
Pear | Har bor, Haw
Naval SBKIlpyaer ched 208 0 N D <0.0171 <0.02
Mai ntenance Faci
Apra Harbor, Guam 135 0 N D <0.017 <0.03
Port Canaveral, F 80 0 N D <0.0171 <0.04
NOTES:
1) pCi/f gm = picocurie p&rurgream.Ci )1 pCi = 1x10
2 The tdasw symbol [ <] i n@0 cwdxsddthadt endb icrobtaHde sampl e.
is the minimum detectable concentrationéO MDQUl;d ibe. ,
detected if it were presenotd.sammikele MDC avt da roined of 1 mmagar
di fferences in the amount of natwurally occurring radi
of ddmpl e, detection equipment differences, and stati
(3ND = Not Detecteslis Gamptreadanmd photopeak.
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Figure 3:
Gamma SpeHarbmorofBott om Sewditnme n3t pSCaréi@gl e dodcelda | t
(top) and weQ h(chudat tcom)wipgdr faoGmednani um Det e
The unl abeled energy peakgaadrieafctaminat ur
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Tabl Sudnmary@l&fur veys f600r iOo bMartine Life of U.S
U.S. NavaPowWecé@a$hi ps Have Been Regul arly Ba
Mol | usi Crustacdq Marine P
Cob#®Il0t Cob#®I0t Cob®I0t
Facility Anal yti Anal yti Anal yti
Res UMbt s Res UMt s Res UMt s
(pCi¥2¢gm (pCi¥2¢gm (pCi¥2¢gm
Kittery, Mai ne
Portsmouth Naval <0.06 <0.11 <0.15
Groton, New Londor
El ectric Boat Di <0.07 <.06 <0.02
Naval Submarine
Newport News, Virg
Huntington I ngal/l <0.02 <0.02 <0.01
Newport News Shi |
Norfolk, Virginia
Naval Shipyard ai <0.03 <0.03 <0.02
Charl est cCmm,r 0% ad wntah .
Naval Nuclear Pou <0.04 <0.04 Not Applicable®
Kings Bay, Georgi g <0.03 <0.04 Not Applicable®
San Diego, Cal i for <0.06 <0.06 <0.06
Navy Bases
Puget Sound, Washi
Naval SRKi ppaedme <0.04 <0.04 <0.09
Mai nt enan caen dF aBcaisl
Pear |l Har bor, Ha w4
Naval SBKIipyar chedi|l NotApplicable® <0.01 <0.01
Mai ntenance Facil
Apra Harbor, Guam <0.01 <0.02 <0.03
Port Canaveral, FI <0.02 <0.02 Not Applicable®

NOTES:

1) The tdasw symbol [ <] i n@0 cwdxsddthadt endb icrobtaHde sampl e.
is the minimum detectable concentration6O MDQUl;d ibe. ,
detected if it MDLr evaprieeserftr.om TSlaempl e t o sample and |
di fferences in the amount of natwurally occurring radi
of the sampl e, detection equipment differences, and ¢

@2 pCi/=gmicocurie per YHcam.e (@CipLCi = 1x10

(3 Not Applicable: Marine | ife samples of the specifiec
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Tabl SudmmaryloOf f aintde Per i met er Radi ati on
Where U. S. N-2owker BdclSeaps Have Been
Bui |t
Aver ag|l Range Aver al Range
ofdi te Oof-di t Peri mg Per i me
FACILITY Dosi mef{ Dosi mg Dosi mg Dosi me
(mrem/ ¢ (mrem/[ (mem/ q(mrem/
Kittery, Maine . .
Portsmouth Naval N 17 1371 23 20 117 30
Groton, New London,
El ectric Boat Divi 18 147 23 17 971 24
Nav al Submarine B¢
Newport News, Virgi
Huntington I ngall g 13 1071 20 14 1071 21
Newport News Shiptk
Nor fol k, Virginia . "
Naval Shipyard and 15 7125 15 7128
Charl eston, South ( . .
Naval Nucl ear WPnoiwe 12 6120 12 6118
Kings Bay, Georgi a 12 971 15 13 971 19
San Diego, Californ 20 157 24 16 117 24
Navy Bases
Puget Sound, Washin
Naval SBKi ppaedmedi 10 81 12 10 81 16
Mai nt enan caen dF aBcaislei
Pear |l Har bor, Hawai
Naval Shipyard ang¢ 11 971 13 9 771 12
Mai ntenance Facili
Apra Harbor, Guam 10 81 14 9 81 13
Port Canaveral, FIg 9 6-12 9 771 12
NOTES:

Q) mrem/ gtr =
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ENVI RONMENTAL PATHWAYS ANALYSI S

Results of monitoring of environmental sampl
environment al radioactivity |l evels have not c
exposure to the pubJ.iSc. fnrawraptcawer adi shspefand
suppodt tfiesci is too |l ow to measur e. Neverthel
to provide a quantitative estimate of the rad
public might be exposed as a result of radioa

Formad ysis of airborne effluents, the EPA COlI

required by EPA reduwl atSiperes fiirc r enfparte rp@aeg amet e
radiloinde rel eases, distance to members of the
food production. The releases of airborne ef"
summarized Iin t&blvaldbmes Coldlutde act u@0D measur
emi ssi ome ferxdibmutst of Navy facilities, in addi
sources -60. cobatitmated values for other airbo
detail ed shasdgd odavalndnucl ear propublsion prot
power ed samidpst heir support facilities.

Results of the airborne effluent analysis ar

compares the estimated maxi mum exposure to a
effluents with guidelilnes DlieddenNRLrioalr ed @ir
calcul ated radiation exposures i mplement the
' ight water nucl etaor @l ®kcouli ¢ Ipo®wleirmirtead t o am
as | ow as reasonably achievabl e. Al t hough t h
nuclpoawered ships and their support facilities
judge the signifiposamncesoff romandiPatoigommexffl uent
maxi mum radiation exposure to a member of the
airborne radioactivity is much | ess than the
by the EPA 400 reference
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Tabl eR&bdi onucl i de Rel eases Used for Environ

Radi onuc Annual Airborconei)R
Cob&IOt <0.0004
Tritium? <4
Car bloan* <20
Krypd&®dm 0.011
Krypd&sm 0.027
Kryp&®n 0.000023
Kryp& bn 0.035
Krypé&®n 0. 055
XendmlB1lm 0.0015
XendmB3m 0.012
XendrB 3 0.30
XendrmB5 0. 33
Ar g-4 3. 3
| od-lL B & 0.0000050
| odilB¢8& 0.00000514
| od-L 88 0.0000114
| od-ilB6& 0.00000097
* Sdpgecific values are used for these radispececfides. T
values used in the analysis.

For liquid effluents, the results of the env
demonstrate, without the need for any detaile
is no significant radiation exposutrhee tsoa mmpelnmebse
ofmarine |ife obtained from the i mmediate vici
not have any dé®egeceteabhewcobaseéensiti 660 aealysi:
assumed to be present at concentrations just
Tab3aend a person were to eat 40 pounds per yea
caught directly from these areas, the person
per .yeaSimilarly, even though the Navyndi ni mi z
there has never Dbeen6Oanyn dheatrebcotra bwaet ecro b atlhte wa
pat hway cannot result in any dose to the publ
water consumption in the wvicinity oefrsthoefs et hfea
public from the Naval Nucl ear Propulsion Prog
gui deline€, owht bh BWRe | isted in Table 6.
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q

eE s6t:i mat ed Maxi mum Radiati on Exposur e
eases and AirboreesRadopmaé&hi pythNpdRe Eagage
Nucl ear Propul sion Work
Maxi mum Exposure tg
SOURCE NRC Guide Esti mated
(mi 1 1ren (mi 1 1ren
From Radi o 3 whole b < 1
in Liquid 10 any ol
From Gase
Radi onucl S Wh0|e.b < 1
. : 15 skin
in Airborng
From Oth
Radi onucl 15 any ol < 1
in Airborng
Maxi mum Exposure tgdg
EPA Regul Esti mated
SOURCE . :
(ef f eavthtoil we | ( e f f enchtoil we
millirem millirem
From Radi g
in Airbor ng¢ 3 < 0.03
From Ot h
Radi onucl 10 < 1

in Airbor ng¢
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AUDI TS AND REVI EWS

The requirements and procedamans ifnopro rctoannttr opla

t hter ai ning programs for everyone involved witt
Propul sion Program. Such training is part of
and of naval personnel assigned to ships and
regul arl y. Emphasis on this training is part
personnel alone cannot al ways cause radiologi
and operations personnel and all |l evelosl of ma
of radioactivity.

Checks and balances of sever al kinds are al s
radioactivity Written procedures exi st that
contr ol personnel monitor varissuangstedsn iemcrha
shipyard, an independent organization, separa
organization, audits all aspects of radioacti
by representatives from Naval Reac-t bms tadqu
each shipyard. Radi ol ogical control personne
inspections of each shipyard I n addition, s
of the environmental effects of shtpyandtbeper
results of these assessments. Similarly, the
i nspections f or tahcel loitthieers ,Natveypdsehresr,edarsd i mpsc | &
we |l | as for other radiologicallynyrontEwéhedhte
small est audit findings are followed up to en
corrective actions are takenhiahdfoo hetprmide

The policy of tlhgeo dNmeayadi ee fif pacchha/tesve 4 h
State radiological officials whenever there a
because of radiological effects outside the s
revi ewed radioactive waste disposal, radiolog
tansportation, and other radiological matters
St ates Uwiber mav bppeawer ed shi pev arlea bsdeldui |t
Al t hough there wer2e02nbabccesukeneesi nnme@adi ol og|
public outside these facilities, States were
in the possibllity t hat such events had occur
conduct independent radi ol oghedadtofadgtitensy $ ohaeat a
been consi stemaswidblcumeeat Bavyn repddatnsd2such a:s

Since the early 1960s, a | aboratory of the E
deoesagency t he Puhbds cc ddredad cdthe dSedevtiaciel ed e
S

pr e

surveys of sel eclthed mdo.sSE PAeapshpdrtsv.i di nogf rtehseu | t
radi olsaugisgear f ormbd Béew London and Hampton Roa
i ssuddgiust and October R2ED6BEmxrd3dddcadc wned nyt

t he most rsacertyseRA the harbors at Pascagoul a
South Carolina; Pear |l Har bor, Hawai i ; San Die
California; New L ondtoinc watn;d Nog vopg oornt, MNewan,e cPor t ¢
Norfolk, Virginia; Kings Bay, Georgia; Kitter:
Bremerton and Bangor, Washington. EPA finding
the Navy, and have conoladd endp otmheaatre do psehriaptsi ohna so-
no adverse i mpact on public safety or health.
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CONCLUSI ONS

.The totlalveldomgg mma radioactivity in |iquids
from the Naval Nucl ear Propul si o2 0RrlogFroarm wa
perspective, 0.002 curie is | ess tihwint y hien qtulz
vol ume of saline harbor watperweacau psiueddialry neae
t he quantity of natwurally occurringciedioact
.No increase of radioactivity above nor mal b a
harbor water during Navy and EPA moni-toring
powered ships are based, overhauled, or cons

Liquid releases frpowdr &d shivmd andltelmei r su
have not caused a measurable increase in the
the environment

Wevel -6dobraldti oacti vity inwhseaebedtr baonhtdom se
wW operati ngy abrads epraeswadsmeh ipp efvri contisle oyeelarisi qui d
|l eases i.Mowbeel 960bese coneelne Mmeetsison hamf ¢
ose of naturally occurring ra®lOwamwd!| i des a
tectable in gemaeerabk hwahofrbmttbmse piers.

.Esti mates of radiation exposures to members
Propul sion Program are far | ess than EPA env
or the exposure from natur al background radi

.Procedures used by the Navy to control rel ea
nuclpoawered ships and their support faciliti
the environment and the health and safety of

radi olemgriidgaln ment al monitoring performed by |
confirmed the adequacy of these prodéedur es.
nanember of the gener al public has received |
result of current operations of, tthhear sNavwal NMNuU
Nucl ear Propulsion Program has not had an ad
gual i teyeaoafvi rrbnment

he successf ul radi ol ogi cal deactivation and

radi ol ogical facilities in 1982 and of Char/l
1996 demonstrate that the stringegnt heomMtarvall
Nucl ear Propul sion Program from its inceptioad
radi ol ogi cal contamination of the environmen
l'iabilities at shipyards.
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APPENDI X

ENVI RONMENTAL MONI TORI NG SURVEY CHARTS

Environment al monitoring survey charts for h
associated with -plovwer endavsali msucilreatrhe U. S. and
|l i sted below and included in this appendi x.
harbor sediment are shown. I n addition, shor
posted dosimetry devices are shown on the fig

Flgur Locati on

No.

California
1 Uu. S. Naval Air Station North 15
2 U. S. Naval SuPoanti nleG@Bams@i ego
Connecticut
3 El ectric Boat Corporation, Grot
4 Uu. S. Naval Bagema&Neiwné ondon
Fl ori da
5 Port Canaver al
Georgi a
6 U. S. Naval SuKimmgs nBRayase
Guam
7 Apra Harbor
Hawai i
8 Pear |l Har bor Area
9 Pear |l Har bor Naval Shipyard & |
0 Shi pyardedarlkakHar bor
10 Pear | Har bor Naval Shipyard & |
0 Submarine Base Area, Pear |l H
Mai ne
11 Portsmouth Naval Shipyard
South Carolina
12 Naval Nucl ear Power Training Un
Virginia

13 Huntington | ngNaelwpso rltrSdiNiegwisruii d g i

14 Norfol k Naval Shipyard, Port s mg

15 U. S. NavaNor3Stoatki on

16 Nor fPoolrkt s mpoga hViA gi ni a

Washington
17 Puget Sound Nawdl |l Bhepwpwaddat e WM
18 U. S. Naval -BarmsegorKi/t shpod Canal
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FIGURE 1
ENVIRONMENTAL MONITORING LOCATIONS AT
U.S. NAVAL AIR STATION NORTH ISLAND
SAN DIEGO, CA



FIGURE 2
ENVIRONMENTAL MONITORING LOCATIONS AT
U.S. NAVAL SUBMARINE BASE POINT LOMA
SAN DIEGO, CA




